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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN#90e approves a new WID [1] with NR coverage enhancement for PUSCH repetition type A:
	Agreement:
· Specification of PUSCH enhancements
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.


RAN1#104-e discussed potential spec impacts of above solutions with corresponding agreements summarized in [2]:
	Agreements:
Select one of the following alternatives, considering the aspect whether or not the determination of all the available slots should be done prior to the first actual transmission of the repetitions (other alternatives are not precluded)
-       Alt1: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and does not depend on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).
-      Alt2: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and also depends on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).
Agreements:
The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH.
Agreements:
For defining available slots: a slot is determined as unavailable if at least one of the symbols indicated by TDRA for a PUSCH in the slot overlaps with the symbol not intended for UL transmissions
· FFS details
Agreements:
Rel-17 PUSCH repetition Type A supports the increase of maximum number of repetitions with repetition factors configured in a TDRA list with a row index indicated either by the configured grant configuration or by TDRA field in a DCI.
· FFS: increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.


[bookmark: OLE_LINK8]Accordingly, we provide views on aforementioned concerns and analyze spec impacts of potential solutions for coverage enhancement of PUSCH repetition type A. 
2. Discussion on coverage enhancement of PUSCH repetition type A
As analyzed in [3], repetitions count on contiguous slots in TDD mode leads to fewer actual repetitions than expected and degrades uplink performance, thus mechanism of repetition counting on available UL slots was proposed for coverage enhancement.
2.1 Repetitions counted on available UL slots
2.1.1 Determination mechanism of available UL slot
In RAN1#104-e, there were discussions on following two questions:
	· The determination of available slot depends on RRC configurations and does not depend on dynamic signaling (at least SFI, FFS: other dynamic signalings) v.s. the determination of available slot depends on RRC configurations and also depends on dynamic signaling (at least SFI, FFS: other dynamic signalings). 
· Whether or not the determination of all available slots should be done prior to the first actual transmission of PUSCH repetitions.


Above two questions are closely related to each other, for example:
· If determination of available slot depends on RRC signaling and does not depends on dynamic signaling (at least SFI, FFS: other dynamic signalings), then all potential UL slots for actual PUSCH repetition can be determined before the 1st actual transmission. 
· E.g. the RRC signaling includes tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, which defines the format of symbols or slots in TDD mode.
· E.g. ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, which excludes the set of symbols for SSB from being uplink symbols, etc. 
· If determination of available slot depends on both RRC signaling and dynamic signaling (at least SFI, FFS: other dynamic signalings), then whether the determination of available slot can be determined before 1st actual transmission of repetitions is closely related to the receiving time of aforementioned dynamic signaling. For example:
· If the scheduling of dynamic signaling is determined before 1st actual repetition, then available slot can be determined before 1st actual transmission of repetition. 
· Otherwise, available slot can hardly be determined before 1st actual transmission if the scheduling of dynamic signaling is determined after 1st actual repetition while available slot depends on both RRC and dynamic signaling.
From the perspective of easier UE implementation, it’s preferred that available slot is determined by RRC configurations and does not depend on dynamic signaling of SFI, CI and higher priority URLLC services, etc., thus the determination of available UL slot can be done prior to the 1st actual repetition, which avoids frequent judgement of available slot. Furthermore, there may be potential misdetection of dynamic signaling in UE implementation, which leads to incorrect interpretation of available UL slots. By following this method, burst dynamic signaling (e.g. high priority URLLC signal) which occurs after the 1st actual PUSCH repetition may overlap with PUSCH repetition and collision mechanism will be further discussed in next section.
Alternatively, if the determination of available UL slot is performed per slot based on both RRC signaling and aforementioned dynamical signaling, frequent judgement of available UL slot is needed and UE count actual repetition on each slot, which can ensure enough number of actual repetitions and meet the requirement of PUSCH coverage performance.
In light of above discussion, we have the following proposal:
Proposal 1: If all available UL slots are determined prior to the 1st actual transmission of PUSCH repetitions, the determination of available UL slot and symbol is not impacted by following dynamic signaling: 
· The dynamical signaling includes SFI, CI and high priority URLLC signals, etc.
· The dynamical signaling occurs later than a cut-off timing which is  symbols before the start of 1st actual PUSCH repetition where  is based on UE processing ability with predefined candidate values. 

Proposal 2: If available UL slot is determined per slot with counting on actual repetitions, the determination of available UL slot and symbol is determined by both RRC signaling and dynamical signaling:
· The dynamical signaling includes SFI, CI and high priority URLLC signals, etc.

2.1.2 Remaining issues for repetition counted on available UL slot 
· Issue #1: Interpretation of following agreed definition for available UL slot [2]:
	Agreement:
For defining available slots: a slot is determined as unavailable if at least one of the symbols indicated by TDRA for a PUSCH in the slot overlaps with the symbol not intended for UL transmissions
-  FFS details 


According to above definition, the detail meaning of ‘not intended for UL transmission’ is unclear and needs further clarification. For example:
If symbols in the slot indicated by TDRA for a PUSCH repetition overlaps with the symbols still intended for other UL transmission ( but not for this PUSCH transmission), such as higher priority URLLC signal or periodic SRS or cancellation indication, whether this slot is an available slot for PUSCH repetition type A can be further discussed. 
· Option 1: the aforementioned overlapping slot is not determined as an available UL slot for PUSCH repetition type A, because a strict TDRA limitation is required for PUSCH repetition type A among all slots, e.g. PUSCH repetition on each UL slot occupies the same start position of UL symbol and same duration number of contiguous UL symbols.
· Option 2: the aforementioned overlapping slot is determined as an available UL slot but the PUSCH repetition on this available UL slot is dropped because of the aforementioned strict TDRA limitation (in option 1) for PUSCH repetition type A.
· Option 3: the aforementioned overlapping slot is determined as an available UL slot, where symbols used for PUSCH repetition A in each slot can be different. 
Above three options are possible cases if all available UL slots and symbols are determined in prior to 1st actual PUSCH repetition (based on proposal 1) with following analysis: 
By option1, a simple determination mechanism of available slot (same as current NR specification) is used without any enhancement for PUSCH repetition type A. However, the strict TDRA limitation of available UL slot leads to resource waste of some UL symbols. For example:
· If SRS is transmitted in one slot of PUSCH repetitions, then corresponding symbol(s) in all slots of PUSCH repetitions with the same location(s) as that of SRS should be left empty, which causes a kind of resource waste. Or the gNB can schedule all symbols of a slot for PUSCH repetition with SRS dropped, which will result in skipped SRS for channel measurement and impact the uplink scheduling, downlink scheduling and precoding.
By option2, PUSCH repetition on determined available UL slots is dropped due to aforementioned TDRA limitation for PUSCH repetition type A on each UL slot, which leads to a fewer actual repetitions and degrade the coverage performance. For example:
· If a dynamic signaling of higher priority URLLC signal occurs after the determination of available UL slots and the higher priority URLLC signal overlaps with PUSCH repetition in a slot, then PUSCH repetition on this overlapped slot is cancelled (by following mechanism in current NR specification) even there are many remaining non-overlapped UL symbols for PUSCH repetition in this overlapped UL slot, which cause a waste of uplink resource.
By option3, non-overlapped UL symbols within the aforementioned overlapped UL slot can be used for one PUSCH repetition to make a full utilization of uplink resources. Given the target of PUSCH coverage enhancement, option 3 is preferred. For UE behavior of PUSCH transmission on the non-overlapped symbols within the overlapped UL slot, whether puncturing or new rate matching is adopted can be further discussed.
In light of above discussion, we have the following observation:
Observation 1: For PUSCH repetition type A, if other UL transmissions overlap with PUSCH repetition in a slot, the utilization of non-overlapped UL symbols of PUSCH repetition within this overlapped UL slot contributes to PUSCH coverage performance.

· Issue #2: whether postponement should be performed to achieve a target number of actual repetitions
According to aforementioned analysis for proposal 1, dynamic signaling such as SFI, CI, etc., is excluded in the determination of available UL slot. However, potential PUSCH repetitions on these available UL slots can be omitted (aforementioned option 2 in issue#1) if there is burst dynamic signaling overlaps with PUSCH repetitions on aforementioned determined available UL slots. For example:
· A higher priority URLLC signal which overlaps with potential PUSCH repetition in subsequent available UL slot.
· The cancellation indication of PUSCH repetition for SRS or downlink reception on subsequent available UL slot. 
Thus, the aforementioned postponement mechanism in proposal 2 can be further discussed to ensure enough number of actual repetitions, where available slot is determined per slot with counting on each actual repetition. Although there are other mechanisms to ensure more actual repetitions such as the use of HARQ retransmission, it will lead to a much larger latency of PUSCH receiving as compared to that of postponement in subsequent available UL slots, which decreases the throughput and might not meet the data rate requirement for uplink transmissions (e.g. 1Mbps data rate is required for PUSCH for eMBB services in SI phase). Given the concerns that postponement in subsequent UL slots increases the total receiving latency of PUSCH repetitions and complicates the scheduling timeline, a tradeoff between cost and benefit of postponement can be determined by gNB, the specific mechanism of postponement can be further discussed. 
In light of above discussion, we have following observation:
Observation 2: Repetition postponement can ensure more actual repetitions and improve PUSCH coverage performance.
To sum up, large efforts have been spared from SID to WID discussions to enhance the coverage performance of PUSCH repetition type A, the key point is ensuring enough number of actual repetitions with a full utilization of uplink resource for PUSCH repetitions. Thus, according to above analysis and observations, we have the following proposal:
Proposal 3: For PUSCH coverage enhancement, at least one of following solutions should be supported for PUSCH repetition type A:
· If available UL slot is determined prior to 1st actual PUSCH repetition while other burst signals overlap with PUSCH repetition on determined available UL slot, then non-overlapped symbols of PUSCH repetition within this overlapped available UL slot can be used for PUSCH repetition to make a full use of UL resource. FFS: puncturing or new rate matching of PUSCH repetition on this overlapped UL slot. 
· If available UL slot is determined per slot based on both RRC signaling and dynamical signaling with counting on actual repetitions, then repetition postponement can be performed for PUSCH repetition to ensure a target number of actual repetitions

2.2 Increasing the maximum repetition number
In RAN1#104-e, there were discussions on the following question:
	· Whether the number of repetitions is counted based on contiguous slots or available UL slots. 


which has significant impacts on the candidate value of maximum repetition numbers, for example:
· If number of repetitions is counted based on contiguous slots:
Usually, 8 actual repetitions are required to ensure the basic coverage performance based on observation of the baseline coverage evaluations [3]. However, the maximum repetition number of being 16 in current specification cannot ensure 8 actual repetitions in typical TDD mode (e.g. DDDSUDDSUU) if the number of repetitions is counted on contiguous slots, thus a larger value than 16 should be enabled for ‘increasing the maximum repetition number’.  
· If number of repetitions is counted based on available UL slots:
The candidate value of maximum repetition might not need to be further increased than 16 because 16 available UL slots is enough to ensure more than 8 actual repetitions if repetitions count on available UL slots. 
In light of above discussion, we have the following proposal:
Observation 3: For maximum repetition number counting on contiguous slots and available UL slots, different maximum repetition numbers are considered

2.2.1 Maximum repetition number based on available UL slots
Considering the number of repetitions is counted based on contiguous slots, the candidate value of maximum repetition number might not need to be further increased, because current supported maximum repetition number 16 can ensure more than 8 actual repetitions to meet coverage requirement since the number of repetition counts on available UL slots.
In light of above discussion, we have the following proposal:
Observation 4: The current supported maximum repetition number of being 16 is enough for PUSCH coverage if number of repetition counts on available slots.
2.2.1 Maximum repetition number based on contiguous slots
If the number of repetitions is counted on contiguous slots, the maximum repetition number should be further increased as analyzed before. For example, for VoIP services in TDD mode, 8 actual repetitions are required to meet the coverage requirement. However, the current supported 16 repetitions cannot ensure this in TDD mode and the maximum repetition number needs to be further increased beyond 16. Usually, VoIP packets in current service arrive with a period of 20ms. If one VoIP packet is correctly transmitted within 20ms, the remaining uplink resources not used by this VoIP packet are left empty because no new packets arrive. Thus, considering the 20ms data arrival period and typical TDD configuration with 30KHz subcarrier spacing (i.e. has 40 slots), a maximum repetition number of being 40 can be supported for full occupation of all 40 slots within 20ms, while other candidate values between 16 and 40 can also be included, such as 20, 24, 32, etc.  
In light of above discussion, we have the following proposal:
Proposal 4: Maximum repetition number of PUSCH can be 40 in TDD mode if repetition counts on contiguous slots.

3. Conclusions 
In this contribution, we provide overviews on possible impacts on RAN1 specification for coverage enhancement on PUSCH repetition type A with following proposals:
Observation 1: For PUSCH repetition type A, if other UL transmissions overlap with PUSCH repetition in a slot, the utilization of non-overlapped UL symbols of PUSCH repetition within this overlapped UL slot contributes to PUSCH coverage performance.
Observation 2: Repetition postponement can ensure more actual repetitions and improve PUSCH coverage performance.
Observation 3: For maximum repetition number counting on contiguous slots and available UL slots, different maximum repetition numbers are considered
Observation 4: The current supported maximum repetition number of being 16 is enough for PUSCH coverage if number of repetition counts on available slots.
Proposal 1: If all available UL slots are determined prior to the 1st actual transmission of PUSCH repetitions, the determination of available UL slot and symbol is not impacted by following dynamic signaling: 
· The dynamical signaling includes SFI, CI and high priority URLLC signals, etc.
· The dynamical signaling occurs later than a cut-off timing which is  symbols before the start of 1st actual PUSCH repetition where  is based on UE processing ability with predefined candidate values. 
Proposal 2: If available UL slot is determined per slot with counting on actual repetitions, the determination of available UL slot and symbol is determined by both RRC signaling and dynamical signaling:
· The dynamical signaling includes SFI, CI and high priority URLLC signals, etc.
Proposal 3: For PUSCH coverage enhancement, at least one of following solutions should be supported for PUSCH repetition type A:
· If available UL slot is determined prior to 1st actual PUSCH repetition while other burst signals overlap with PUSCH repetition on determined available UL slot, then non-overlapped symbols of PUSCH repetition within this overlapped available UL slot can be used for PUSCH repetition to make a full use of UL resource. FFS: puncturing or new rate matching of PUSCH repetition on this overlapped UL slot. 
· If available UL slot is determined per slot base on both RRC signaling and dynamical signaling with counting on actual repetitions, then repetition postponement can be performed for PUSCH repetition to ensure a target number of actual repetitions
Proposal 4: Maximum repetition number of PUSCH can be 40 in TDD mode if repetition counts on contiguous slots. 
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